In the context of a monetary union, to keep a territorial equilibrium in terms of economic activity and employment, the relationship between real wages and productivity is crucial. In this paper, empirical evidence about the response of wages to productivity is obtained for 20 OECD countries and the role of labour market institutions to explain differences in this response is analysed.
I. Introduction and objectives
Surely, the common place of last years' economic literature is that the European Monetary Union will modify deeply the main mechanisms of the European Economy. In fact, still in 1990, "One Market, One Money" (European Commission, 1990) pointed out the advantages and disadvantages of introducing a single currency. Apart from the microeconomic advantages highlighted theresuppression of transaction costs, reduction of information costs and uncertainty -, the vast literature on macroeconomic real convergence points out the important role of external aperture (Edwards, 1993) , price stability (Landau, 1986 ) and the reduced relevance of public consumption (Landau, 1983) as the main conditioning factors of relative income levels to converge. The increasing integration caused by the existence of a single currency, the higher price stability achieved by an independent European Central Bank (ECB) and the resizing of the public sector after the Stability Pact, is expected to create the conditions for a higher growth and a higher long-run real convergence level, whose effects on employment would be necessarily positive.
Concerning the disadvantages, the lost of competence in terms of nominal exchange rates, the centralisation of monetary policy, and the scarce possibilities to act using fiscal policies limit the capacity of countries to react against recessive asymmetric shocks. A part of the existing literature has questioned the relevance of these shocks due to the high importance of intra-industry trade among European Union countries (European Commission, 1990) . However, the opposite can be found in several empirical studies. Bayoumi and Eichengreen (1992) , using structural VAR models, first proposed and applied by Blanchard and Quah (1989) , detect a high cyclic asymmetry between a Central European core and the Atlantic and Mediterranean periphery. Also, Decressin and Fatás (1995) relate a greater proportion of dynamics in European employment growth to region-specific factors than in the United States, deducing that the creation of the Monetary Union will generate a higher degree of regional specialization and, as a result, a higher probability of asymmetric shocks.
In fact, an important asymmetric behaviour of regional output has been detected in Europe in recent times (De Grauwe and Vanhaverbeke, 1991 and De Nardis et al., 1996) .
The presence of specific shocks in the past and their future probability highlight the importance of adjustment mechanisms to these shocks. Following Mundell (1961) and later works on optimum currency areas (Kenen, 1969) , there are three possible adjustment mechanisms: factor mobility, fiscal transfers and wage flexibility.
As capital is already highly mobile, factor mobility is mainly concerned with the possibility of labour factor emigrating from these regions towards those not affected by the perturbation.
Available studies usually detect a low mobility of the labour force among the European regions, both at a national level (Padoa Schioppa, 1991) and Europe as a whole (European Commission, 1990; De Grauwe and Vanhaverbeke, 1991; Decressin and Fatás, 1995; among others) . However, the inter-territorial equilibrium and the social cohesion (and even the maintaining of the environment and political coexistence) advise against a high mobility in Europe.
A second adjustment mechanism to regional shocks is related to fiscal transfers from central budget to regions in recession. Optimum currency areas literature has pointed out the theoretical importance of fiscal transfers, and also the available empirical evidence has highlighted their quantitative importance and their relevance, mainly for the United States (Sala i Martin and Sachs, 1992; Bayoumi and Masson, 1995) . In fact, the lack of this fiscal mechanism of regional stabilisation in the EU has enabled different authors to predict obstacles to the performance of the European economy. However, a high flexibility to adjust labour costs and productivity could facilitate regional competitiveness and employment without the costs of labour mobility.
The analysis of regional developments has shown that, in the case of the United States, asymmetric shocks cause permanent effects on employment and temporal reductions of labour force participation and wages, together with a transitory increase of unemployment, being migration the main adjustment mechanism from the first year on (Blanchard and Katz, 1992) . On the contrary, in
Europe the main adjustment mechanism refers to a decline in labour force participation and a rise in unemployment, while migrations start three years after the shock (Decressin and Fatás, 1995) .
The work of Creel (1994) detects a relatively higher mobility, especially for German regions, with
Spain in an intermediate position and Italy in the lowest. However, a similar analysis limited to the Spanish case (Jimeno and Bentolila, 1995) highlights the low regional mobility as an explanatory factor for the strong response of unemployment to regional shocks, which represents a third part of the impact, even after three years.
Moreover, the economic implications of adopting the fiscal objective of zero budget balance in the medium term (as required by the Stability and Growth Pact -SGP-) for the different countries of the Euro area implies that with a given interest rate and a fixed nominal exchange rate again the adjustment mechanism comes down to the prescription of "wage flexibility" (see Allsop and Artis, 2003) .
As pointed out by Pissarides (2003) , labour market flexibility has been discussed widely and most empirical studies that have focused in the analysis of the elasticity of wages to unemployment in a macroeconomic context. However, in this paper we consider a different concept of labour market flexibility: the elasticity of wages to productivity. From our point of view, this concept is also relevant to describe and understand how labour markets function and it has not been explicitly considered in the literature. At the competitive equilibrium, real wages should be equal to labour productivity. Although this rule will support a stable employment level, it is not sufficient to improve the chances of the unemployed to find work. In order to reduce unemployment, nominal wages have to increase by less than the sum of price inflation and productivity growth. Excess wage increases can contribute to a rise in inflation or a slowdown in employment growth, or both.
The relationship between wages and productivity is even more relevant in the context of a Monetary Union as it is expected that market competition and the introduction of the euro could remove wage differentials between European countries without taking into account the evolution of productivity differentials (see Calmfors, 1998) . However, other factors can also influence wages at the national level such as the extent of centralized wage bargaining between unions and employers. The experience of the United States shows that, in a first stage, unions tried to reduce geographical wage differentials. Only the pressure of external competitors has changed this trend towards a higher wage differentiation. In the case of Germany reunification, the trend has been similar (Reder and Ulman, 1993) . However, the European case could be different, as recent contributions have pointed out the role of labour market institutions to explain the different response of wages to shocks in the United States and European countries Wolfers, 2000 and Bertola et al., 2001 ). For the case of the wage-productivity relationship, the only work to our knowledge that has considered the role of institutions is Millea (2002) . She finds that the interrelationships between wages and productivity vary across several industrialized countries and that institutional differences explain part of these differences. In particular, country differences are related to the extent of bargaining coverage and the generosity of unemployment benefits.
Taking this into account, the objective of this paper is twofold: first, to obtain a quantitative measure of the reaction of wages to productivity in a sample of countries formed by the old European Union members and other OECD countries; and, second, to extent the previous research in the literature about the role of different labour markets institutions as a mechanism to limit wage increases to productivity gains in these countries. With this aim, wage equations are estimated in order to quantify the responses of wages to productivity and, in a second stage, these responses are related to labour market characteristics in the different considered countries. The following section provides empirical evidence on the relationship between wages and productivity and the role of institutions to explain country differences and, next, the paper concludes summarising the main findings and policy implications.
II. Empirical evidence on the relationship between wages and productivity and the role of labour market institutions
According to different wage determination theories, the evolution of wages is not only influenced by productivity but also influenced by other factors, such as inflation and unemployment. As In order to obtain a quantitative measure of the reaction of wages to productivity, these two specifications can be used a starting point:
 The wage curve specification
In the general static specification of the aggregate wage equation (Bell et al., 2002 or Broersma and Den Butter, 2002) , the wage level of country i at time t is explained using the following expression:
where log(W i,t ) is the logarithm of the level of nominal wages in country i at time t, log(P e i,t ) is the logarithm of the expected level of prices in country i at time t, log (PR i,t ) is the logarithm of productivity in country i at time t, log(U i,t ) is the logarithm of the unemployment rate in country i at time t, and, u i,t is a random error term which is supposed to follow a normal distribution.
In this equation, the estimates of c 3 would approximate the effect on wages of changes in productivity, taking also into account the evolution of other economic factors in the different countries while the coefficient c 2 informs about the reaction of wages due to an increase in unemployment (the usual way of analysing "wage flexibility"). The above equation can be augmented in several ways, depending on the data availability, by taking into account additional explanatory variables, which prove useful in explaining the wage behaviour. Among them, a usual variable in the literature is related to the market power of firms to translate cost increases to product prices and it is defined as the difference between the inflation rate and the GDP deflator growth rate.
 The Phillips curve specification
In the Phillips curve specification, the endogenous variable and the explanatory variables are similar to those in the wage curve specification, but both are included in differences instead of in levels (see, for example, European Commission, 2003).
Both approaches, the wage curve approach as well as the Phillips-curve approach, have some obvious disadvantages: with respect to the wage curve, it is not clear what this equation really stands for. It neither is a structural equation nor is it a reduced form equation. Therefore, it is somewhat difficult to attribute the shock to the demand side or to the supply side of the labour market. With respect to the Phillips-curve, if the equation is estimated with a measure of expected inflation, it should be vertical in the long run; thus, there is no place for analyzing long-term effects using the expectation augmented Phillips curve.
Whether measures of labour market flexibility are derived from level or first difference specifications is mainly an empirical question. However, it should be kept in mind that a level specification is often favourable from an economic point of view. In particular, the labour demand equation is obtained in levels from optimization behaviour of firms. In contrast, the first difference specification could be only justified by statistical and econometric arguments. One possibility of taking into account the short run and long run relationships between the considered variables will be to specify error correction models for each of the considered countries. In order to analyse if this specification is appropriate, the time series properties of each variable should be analysed. Unit root tests can be conducted for individual countries or for a panel of countries. However, it has been widely acknowledged that standard unit root tests may have a low power against stationary alternatives in several cases (Campbell and Perron, 1991) . As an alternative, recently developed panel unit root tests can be applied. Since the time series dimension is enhanced by the cross section, the results rely on a broader information set. Gains in power are thus expected, and more reliable evidence will be obtained.
As previously mentioned, we have considered the following 20 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, the United Kingdom, Australia, Canada, Japan, Switzerland and the United States. Wages have been proxied by data on compensation per employee while the lagged level of prices has been used to proxy the expected level of prices as in Hsing (2001) Taking these results into account, it seems that an error specification model will be appropriate to analyse the relationship between wages and productivity. In particular, the chosen specification will be the following: 
In this equation, the estimates of c 8 would approximate the long run relationship between wages and productivity (our measure of labour market flexibility), taking also into account the evolution of other economic factors in the different countries. In order to obtain these estimates, non-linear least squares have been applied and instrumental variables estimation procedures have also been considered to deal with the possible bidirectional relationship between wages and productivity. In particular, lagged values of the different explanatory variables have been used as instruments.
Detailed results of the estimation procedure are shown in table 2.
TABLE 2
The explained proportion of the variance of wages is very high for all countries and the estimated coefficients have the expected sign and magnitude both for short and long run elasticities. As expected, the values of the adjustment parameter in the error correction model are negative and its values are below unity in all cases. As this parameter is significant, the long run relationship between the considered variables holds for all countries. The values of the Durbin-Watson statistics also reject the presence of first order autocorrelation in the residuals. The stability of the estimates has also been checked using sequential Chow tests and the CUSUM and CUSUM-Q residuals tests.
The estimates for the short and long run elasticities of wages to prices are close to unity in most countries, although it is considerably higher in Switzerland, a country with highly coordinated collective bargaining. Country differences in this coefficient show that in the presence of a common negative supply shock, inflationary pressures would be of different intensities.
Regarding the results for the coefficient associated to the unemployment rate, the obtained results are in line with the ones obtained by Blanchflower and Oswald (1994) , who found a negative relationship between unemployment and wages, but their empirical regularity of a value of the elasticity close to -0.1 is not found in our results. However, it is worth mentioning that the analysis of Blanchflower and Oswald (1994) is based in the use of micro data while here we are using macroeconomic data.
Focusing on the estimates of the long run coefficient associated to productivity, we have found a positive and significant relationship between wages and productivity. The countries where the response of wages to productivity is higher are Greece, Japan, Sweden and Switzerland while the country with a lower response is France. The estimate of the elasticity for Greece is twice the estimate for France. However, what explains these differences in the response of wages to productivity? In other words, which factors can determine that wages evolution is in line with productivity? Modern theories of wage setting highlight the role of factors related to insiders bargaining power (Lindbeck and Snower, 1988 ) making firms to pay efficiency wages to their workers above the equilibrium level, even in competitive labour markets (Stiglitz, 1986; Weiss, 1991) or the existence of implicit contracts (Azariadis and Stiglitz, 1983) . However, efficiency wage or insiders premia are not directly observable, and the share of implicit contracts in actual contracts is hard to identify. Only indirect evidence can be obtained, as certain implications of the rules can be tested. Research on wage determination has therefore directed its interest towards the institutional settings of the economy in order to obtain better approximations to the actual wage bargaining processes (Checchi and Lucifora, 2002) In order to examine the institutional impact on wages, a set of variables has been developed in the literature, covering various aspects of the institutional set-up. In particular, the structure of wage determination and, especially, the role of trade unions are considered. The main sources with a higher coverage of the considered period are the Layard et al. (1991) institutional database and different works by the OECD.
Trade unions are highly important in the structure of the wage bargaining process. Greater union power tends to raise wages above the competitive equilibrium, implying that the wage level may be too high compared to productivity growth. This effect may be boosted in countries with strict employment protection schemes and extensive measures in favour of the unemployed. Union power is reflected in both union membership (union density), and in the degree of coverage of unionised contracts, i.e. the extent to which salaried workers are subject to union-negotiated conditions.
A further aspect of the wage setting process refers to bargaining co-ordination and centralisation. These variables focus on the level at which collective contracts are negotiated and formally set in the economy, either at firm, sector, regional or national level. Opening (opt-out) clauses or company employment agreements allow firms to deviate from centralised agreements to the detriment of employees. For example, the bargaining parties might agree on downward pay variations. The use of these clauses (especially in Germany) introduces more decentralisation in the wage-finding process, although their adaptability is limited by the favourability principle -in general, deviations from collective contracts should be in favour of the employees.
Tanking these into account, we have used the estimates of the elasticity of wages to productivity as the endogenous variable of a regression analysis where three different groups of explanatory variables have been considered (see table 3 for the exact definition and sources):
 Labour market institutions: factors related to collective bargaining such as trade union density, the bargaining level, the coverage, the degree of coordination between unions and between firms, the synchronization, among others could explain the differences of the translation of productivity improvements to wages.
 Economic factors such as the proportion of big and small firms in every country and the sectoral structure could also have influence on the intensity of the relationship between wages and productivity.  Other variables approximating the different technological levels of the different economies and the different capital endowments or capital intensities could have also influenced the considered endogenous variable.
TABLE 3
One aspect that should be considered in this second step of the analysis is the problem of generated regressors on the left hand side of the models relating the elasticity of wages to productivity to labour market institutions. Taking this into account, we have estimated the different models by weighted least squares using as weights the standard error of the estimates of the long-run elasticity of wages to productivity.
Another issue that needs to be highlighted is the existence of collinearity. The high correlation of the institutional variables and the small number of observations could imply imprecise parameter estimates. For this reason, the number of explanatory variables in the different models has been reduced to avoid problems derived from collinearity. Simplification starts from different points to get a robust picture. The preferred equations are shown in table 4.   TABLE 4 From these results
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, we can conclude that the intensity of the relationship between wages and productivity is lower in countries with a lower union density and a higher coordination between firms in the collective bargaining process. On the contrary, other factors such as the bargaining coverage and a higher synchronization affect positively the response of wages to productivity. The bargaining level also matters and the results show that in countries with more decentralization in collective bargaining, the response of wages to productivity increases. Moreover, it is worth mentioning that not only institutions matters, in countries with a higher presence of small firms or higher levels of technology, productivity gains are more easily translated into wage increases.
Summarising, the obtained results are in line with the predictions by wage determination theories and highlight the role of institutions in the functioning of the labour market.
III. Final remarks
It is expected that, after introducing the euro, wage differentials will shrink due to a "demonstration" or "fair wage" effect among other reasons. If this reduction is not in line with the evolution of productivity, competitiveness in some countries will be damaged and the exchange rate could not be used to restore it.
Using a specification based in a Phillips curve augmented with expectations where long run and short run relationships are considered, a quantitative measure of the intensity of the relationship between wages and productivity is obtained. Differences in the reaction of wages to productivity increases are explained by some factors related to labour market institutions and with the bargaining power of trade unions such as, trade union density, the coverage, the level of collective bargaining, or the degree of firm coordination.
In this context, there are some policy options that should be taken into account: the collective wage bargaining systems should be more decentralised, the level of collective bargaining should be closer
to the firm and it should be possible to apply opt-outs at the regional or at the firm level. The idea is that workers, unions and firms should take into account regional, sectorial and firm conditions when negotiating wages 4 . Although, it could be seen as "unfair", wage divergence can have better longterm economic effects than wage convergence.
IV. Endnotes
1 First differences were also considered but the results of the tests, which are available from the authors on request, rejected this hypothesis.
2
Another conclusion from this study is that the panel stationarity tests of Hadri (2000) and Hadri and Larsson (2005) perform very poorly, being this the reason for not having considered them in this paper. 
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